Although relativistic electrodynamics is more than 100 year old, there is one neglected topic in its presentation and application: relativistic transformations of electromagnetic integrals. Whereas in theoretical and applied electrodynamics electric and magnetic fields are mainly expressed in terms of integrals over charge and current distributions, relativistic transformations are traditionally applied to point charges and elementary currents. The purpose of this paper is to show that relativistic transformations can be easily applied to electromagnetic integrals and that relativistic transformation of such integrals constitutes a valuable method for solving a variety of electromagnetic problems involving moving electromagnetic system. Six illustrative examples on relativistic transformation of electromagnetic integrals, including transformation of Maxwell's equations in their integral form, are presented in this paper.
I. Introduction
Relativistic transformations of electromagnetic quantities is an important element of relativistic electrodynamics. However, in standard presentations of relativistic electrodynamics such transformations are limited to electromagnetic quantities associated with "relativistic particles," which are usually rapidly moving point charges. On the other hand, electromagnetic theory deals mostly with electric and magnetic fields associated with charge and current distributions. These fields are usually expressed in terms of electromagnetic integrals. Quite clearly, manipulating electromagnetic integrals by means of relativistic transformations should be a useful extension of relativistic electrodynamics and should be preferably included in standard courses on relativistic electromagnetism. This paper introduces six illustrative examples on relativistic transformations of electromagnetic integrals. In all six examples two inertial reference frames are used: a stationary reference frame Σ ("laboratory"), represented by the Cartesian axes x, y, z, and an inertial reference frame Σ′, represented by the Cartesian axes x′, y′, z′, moving with velocity v = vi relative to Σ in the positive direction of their common x, x′ axis. 
II. Illustrative examples on relativistic transformation of electromagnetic integrals
Using relativistic transformation equations, convert Eq. (1) into the integral for the magnetic vector potential produced by a charge distribution moving with constant velocity v = v i. Let a charge distribution ρ′ be at rest in the moving reference frame Σ′. The electric potential φ′ produced by ρ′ in this reference frame is given by Eq. (1) with φ, ρ, r, and dV replaced by the corresponding primed quantities:
Observed from the laboratory (reference frame Σ), the charge distribution ρ′ moves with velocity v along a line parallel to the x axis. Like all moving charges, it creates a magnetic field. To find the associated magnetic vector potential, we transform Eq. (2) by using appropriate transformation equations listed in the Appendix (these equations are identified by the prefix "A"). However, first we express r′ and dV′ appearing in Eq. (2) in terms of x′, y′, and z′:
Since we are free to chose the time of observation in the laboratory, we chose t = 0 for simplicity. 1 By Eqs. (A4), (A2) and (A3) we then have
By Eq. (A17) (noting that there is no current in Σ′ where the charge is stationary) we have 2  /  1  2  2  2  2  2  0   2  /  1  2  2  2 
and since ,
we obtain upon simplifying the denominator of Eq. (7), replacing dxdydz by dV, and replacing
where θ is the angle between the velocity vector v of the moving charge distribution and the radius vector r connecting dV with the point of observation. For the y and z components of the vector potential we obtain from Eqs. (A19) and (A20)
Example 2. The electric field of a stationary charge distribution ρ is represented by the well-known equation
Applying relativistic transformation equations to Eq. (12), find the magnetic field produced by a charge distribution moving with constant velocity v = v i. As in the preceding example, let a charge distribution ρ′ be at rest in the moving reference frame Σ′. Rewriting Eq. (12) in terms of its Cartesian components and prime coordinates, we have for the electric field produced by ρ′ in Σ′
For the time of observation in the laboratory we chose as before t = 0, so that Eq. (4) applies again. Also, since there is no current in Σ′, Eq. (5) applies. By Eqs. (A8)-(A10) (noting that there is no magnetic field in Σ′ where the charge is stationary) we have
Substituting Eqs. (4), (5), (17), and (18) into Eqs. (15) and (14), we obtain
Rewriting Eq. (16) and simplifying Eqs. (19) and (20) just as we simplified Eq. (7) in Example 1, we obtain for the magnetic field produced by a moving charge distribution
Example 3. Show that Gauss's law for electric fields
is invariant under relativistic transformations. First we apply Gauss's theorem of vector analysis to Eq. (24), transforming it into 
Let us now transform Eq. (26) to the moving reference frame Σ′. Let the time of observation in Σ′ be t′ = 0. By Eqs. (A1)-(A3) we then have
Using Eq. (27) to replace dx, dy and dz in Eq. (26) by dx′, dy′ and dz′, and using Eqs. (A21), (A24) and (A25) to replace the derivatives with respect to x, y, z by those with respect to x′, y′, z′, we have
Replacing now E x , E y and E z in Eq. (28) (except in the derivative with respect to time) by E′ x , E′ y , B z , E′ z , and B y by using Eqs. (A5), (A12) and (A13), and replacing ρ by ρ′ and J x by using Eq. (A16), we obtain , ) ( 1
ε under the integral signs and using
However, by Eq. (27),
, and therefore, by Eq. (A31) the triple integral in Eq. (32) is zero. We thus obtain
and hence, by Gauss's theorem of vector analysis,
Thus our relativistic transformations from Σ to Σ′ have not changed the form of Eq. (24). Hence Gauss's law for electric fields is invariant under relativistic transformations. 
Let us now transform Eq. (37) to the moving reference frame Σ′. As before, we choose t′ = 0 for the time of observation in Σ′. Using Eq. (27) to replace dx, dy and dz in Eq. (37) by dx′, dy′ and dz′, and using Eqs. (A21), (A24) and (A25) to replace the derivatives with respect to x, y, z by those with respect to x′, y′, z′, we have 
and therefore
, and therefore, by Eq. (A36), the triple integral in Eq. (41) is zero. We thus obtain
Except for the primes, Eq. (43) is the same as Eq. (35). Hence Gauss's law for magnetic fields is invariant under relativistic transformations Example 5. Show that Faraday's law
is invariant under relativistic transformations.
First we apply Stokes's theorem of vector analysis to Eq. (44), transforming it into ( )
In terms of its Cartesian components Eq. (45) Let us now transform Eq. (46) to the moving reference frame Σ′. As before, we choose t′ = 0 for the time of observation in Σ′. Using Eq. (27) to replace dx, dy and dz in Eq. (46) by dx′, dy′ and dz′, and using Eqs. (A24) and (A25) to replace the derivatives with respect to y and z by those with respect to y′ and z′, we have 
(48) vanish, so that Eq. (48) simplifies to
Using Eqs. (A7), (A6), (A9), and (A10), we can write Eq. (49) as
which, by Eqs. (A21) and (A23), is
and, by Stokes's theorem of vector analysis, 
is invariant under relativistic transformations. First we apply Stokes's theorem of vector analysis to Eq. (55), transforming it into
In terms of its Cartesian components Eq. (56) Let us now transform Eq. (57) to the moving reference frame Σ′. As before, we choose t′ = 0 for the time of observation in Σ′. Using Eq. (27) to replace dx, dy and dz in Eq. (57) by dx′, dy′ and dz′, using Eqs. (A24) and (A25) to replace the derivatives with respect to y and z by those with respect to y′ and z′, and using the relation 
, taking into account that Eq. (33) holds for any volume of integration and that therefore ρ′ = ′ ⋅ ∇′ D
, and also taking into account that
ε , the terms with 
Examples 3-4, although not quite so impressive as Examples 1 and 2, are nevertheless of considerable significance. The reader has undoubtedly noticed that Eqs. (24), (35), (44), and (55) are Maxwell's equations in their integral form. In Einstein's famous 1905 paper 5 and in all early publications on relativistic electrodynamics, only the invariance of the differential form of Maxwell's equations under relativistic transformations was discussed or demonstrated. As far as this author knows, all later and the most recent publications 6 on relativistic electromagnetism have adhered to this custom. As a result, the students of relativistic electromagnetism receive an unavoidable impression that relativistic transformations do not work with equations involving integrals, and, in particular, are not applicable to the integral form of Maxwell's equation. However, as it is shown in this paper, relativistic transformations work not only perfectly well with electromagnetic integrals, but yield very gratifying results specifically when applied to such integrals.
APPENDIX (a) Relativistic transformation equations used in this paper
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